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Glycol/Ether Analysis 
By Direct Aqueous Injection-GC/MS analysis 

Summary: 

This procedure is based on Restek Application Note 59187 located in Attachment 1 using a mass spectrometer 
instead of an FID. 

Water samples are analyzed by direct injection into a gas chromatograph with a wax column followed by full 
scan electron impact mass spectrometry. Soil/sediment samples are extracted for 1 hour with reagent water in a 
sonication water bath and decanted prior to analysis as waters. 

Target Analytes 

2-Butoxyethanol 
Propylene glycol 
Di(propylene glycol) butyl ether 

Analytical Equipment and Conditions: 

CAS# 

111-76-2 
57-55-6 
29911-28-2 

Agilent 7890 Gas Chromatograph and 5975 Mass Spectrometer 
Drilled double gooseneck Uniliner (installed with hole at top) cat# 20509 
Restek Stabilwax column 30m x 0.32mm ID x 1um film cat #10654 

See specific GC conditions in Figure 2 of Attachment 1. 

Mass spec is operated in full scan electron impact mode, scanning from mass 35 to 250 amu with approximately 
6 scans/second. 

Calibration: 

The following calibration points are used: 

0.5, 1, 2, 5, 10, 25, 50, 100, 150,200 ug/ml ofall3 target analytes prepared in reagent water. No internal 
standards or surrogates are used for this procedure. Stock standard solutions were prepared at 10 mg/ml in 
MeOH from neat solutions. 

Calibration for the Di(propylene glycolO butyl ether is based on summing the two larger isomers present and 
calibrating using the total area. 

Procedure: 

To prepare aqueous QC, 100 ug of each target is added to 1 ml of reagent water for blank spike and to two 1ml 
duplicate aliquots of a sample for matrix spikes. Reagent water is used for the blank. All aqueous samples and 
QC are direct injected into the GC with no additional sample preparation. To increase lifetime of the injection 
port liner, filtration may be used. Note: Due to carryover in the system, spiked samples are analyzed after 
calibration check and prior to blanks. Blanks are then analyzed twice prior to analysis of samples to ensure that 
carryover is minimal. Twelve syringe washes using 1: 1 water/MeOH are used between each run. 

Soil/sediment samples are extracted in a sonication water bath at ambient temperature for 1 hour. 10 g of each 
sample, blank and blank spike are weighed into screw cap vials. Ottawa sand is used for blank and blank spike. 
Two additional aliquots of a sample are weighed for matrix spikes. 1000 ug of all targets are added to blank 
spike, matrix spike, and matrix spike duplicate. 10 ml of reagent water are added to all samples and QC. 
Extraction by sonication water bath is allowed to proceed for 1 hour. Samples were allowed to settle for 10 
minutes and a small portion of the extract is removed for analysis as a water. Additional centrifugation may be 
necessary to separate solids from water prior to analysis. 

Quality Control: 

Default quality control criteria from Method 8270 D were used for this procedure: 
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-20% RSD limit to use average response factor for calibration. 0.99 R or R2 used for linear or quadratic curve 
fits 
- ±20 % criterion used for continuing calibration check 
-Blank concentration is less than RL; sample concentrations :::;10 x blank concentration are qualified as blank 
related. 
-70-130 % limits used for blank spike and matrix spikes with 30% RPD limit for duplicates 
-No tune check is performed due to DFTPP instability in solutions other than Methylene chloride 
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Attachment 1 

···-.. I #591 B7 1 
_=t_iS-»_ .. L_~_-- < _____ Appl cat ons note 
environmental 
Techniques to Optimizing GC Analysis of Ethylene Glycol in Water 

The analysis of l!th I!DI! gl)-col in water is a VI!IY c.ammon test 
in mvirtmmem:allaboatar:ies. :Many of lhe:se sm~ples Oligi.D31e 
from water nmnff at a.iJ:pm1s wheD! ethyi.I!III! gl)-col is used as a 

de-:i.c:iug ~ for aiipfmes durillg wiDier c:xmihs. Bec.anse 
e1hyl.l!llll! -col is highly so. .e in wa1i!J;, ir is not easily 
concemm11!d by purge and irllp. 1berefure, the iiii05f fn!quently 

ed ssmple imroducticm tl!dmi.que is ctirect aqueous - -eaicm. 
The direa aqueous inji!Ciioa. of e1byle:lle [;lycol am be cbai
J.eaging because, if not dolle pnl'Jieliy, it am be difiiallt to 
lJimin n!pi'Odl.lCibifuy ami good peak s.hape_ The iaJ,y! e:qlllll

sion 1-'0lume of wwter czn aruse backflash. OIII}'m;-er can 
cause iDccmsisu!m ll5lllts, and l!lOC25S ll.':lter em~ lbe· 
FlD flame. The5e problems em pm'ml ac:hie\ing die 
cfe1ect:ion l:imir fer etbyle:lle glycol, •hich may vuy m the 
1-IOppm mn,ge. 

Poor Pe-ak Shape 
'\\o'ith a colnnm head pressure of I~ and an injecrian port 
t'E!Illpel:lnD1 of 25()-C, a 1 J1L Uljeaian of water will e3paDd to 
I 20pLof¥llJX!r. 'lllis large vapordoodexceeds the \.uhmli! of 
mosr inlet · CIIISin .. b.Kldhsb.. Ifbaddlash occms, the 
v:tpar clood em expmi out of the liner and iDjecticmpon and 
result: in poor sample mmsfer Cll!l1o the cohmm. A!so, the ro"CCI 
cOIDpOUillli are not fu..'Used in a rmrow 1xmd bm, inste3d, are 

f0CU51!d in 1he ccmdensed wwter lhar beads ooto the col'tmm 
W3lls, so die campotmds of · :ere;r am elute as split peaks. 
This peak spfuting e1fea is mosr IIP'Jk!fl!!:t ll.'hen performing a 
sptidess · 'eaioa. because of the soh'I!Eit foc:nsing n!qajred. 
Split peaks ami bac1cf!ash compromise the ysis by cansing 
irreproducible peak sl!apes. 

One tl!dmique 1o redua! the eftKt of 'lillpor expansion :md pocr 
so focusiD;g is the use of a Uni!i.Der- i.llje...""':ian pan slea 
'lllis ~ f01lll5 3 -free COillli!Ction wim the column end 
(F~are 1), theieby ·I!II5Uiillg 3 comp s:miple umsfer. 
Additionally, ·the Unilii!EJ:-~ requjres opel'atian at a higher 
pre3SUI'e than traditional spliil.e3S lineB, which fcrces ille large 
v:tpar clood ID be foc:nsed into a 1II3JIOW bmd wbl!ll ~ 
1he c.oluam. 'Ibis miirimizes sample baddlash aiid elillli.Dares 
the Deed for soh'ml :IXlaJ.siag. By ~a u~ 1!1!\'e, lhe 
aqu£Cl05 elbyl i!III! t;lycol sample is ~etely ~ md 
properly amsfered to lhe column in a focnsed, miim\' band, 
thereby adri.l!l;'ing n!pl'odoci h! peak area l.JDilinel4 slee1il5 
sre n'llilable !or com 'I!ISioa. of packed cohmm injeaioa. sys
tl!mS and for split/splilless icjec:tiaD systemi. 

Sample Residue Carryover 
Cmyo\~ is mocb!r J:llOb!em associated with emylsle glycol 
am:a1ym. When~ glyco OIII}'O\il!r am be caused by 
sample residue iD. tbe S}~ beiDg cmied. O\l'l!r from cme 
i.njeaian to ~ If ille S}'rin~ is DDt properly dl!lllli!d 
bem'l!tm ~es. C2D)'V\.1!r • ~ iDconsistml resul1s. 

Figu:re 1 
The Unifine,. sleeve forms a leak-free connection. 
minimizes backflash, and helps fcx:us the sample. 

Direct injection 
using a Uniliner

slei!Ve---An alternative 
to splitless! 

Rinm1g ,die~ with eitlu!r W3m' or wmrfmeltwlol (50:50) 
dm!e to six times between eacll injea:.icm will elimiDate sample 
residue and nrinjmjzp me possl'bili1y of aii)'tJV&. 

AD Flameout 
Column sm:i.oasry phase choice is a criii.al consideration •ben 
:malyzill_g glycots in Wlller m direct iDjectian.. Water analyzed 
an a IIOD-polar -anary phase, such as the Rtt--1 collmm, or 
an a mocl'emely po ar S1lllfuaary phase, sm:h as the Rn--200 
column. will ~the flame on me FID to be ~nshed 
Ibis is because me -ater '1\ill DOf ]XUtition properly aDd mn 
"'bead up on die phase, prodLic:ing large plng of ll.'llter thai 
passes ~ ibe detl!ctm and l!'<ringnishes the fla.me.. The 
llllm! commonly~ GCs will e.'qll!lience fiameom tmdi!r 
cbese c:ircumstmces \\iWe omm mn DOt. 

To mjnjnrlze cbe possibility of mingnisbin: the ftame, select a 
polar tionary pbase tha is more ccmparib.e with watl!r. The 

bilw.n<" smionary phase is one of 1he more polar pba5es, 
malr:illg ir a gpod choice far 'Iter il!jeaiacs.. It allows to 
partition properly, which preu!ll.l5 it fi0111 beacfin .. up an the 
staricxwy plwe mel queDChing me F1D flame. 
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lhe Stabim~ coltmm am easily lw!dte 
direct aqueous illjecticms 'R11bout sboniDg 
any sigps of cJe.~ ~of the 
S1abi wax- column was petfonoed b)· illject· 
iDg liJL ofa \\'Iter stliiidaJd 100 rimes. Peak 
sbaJle' md nsponse of e1hylene lllld pt'Op}'· 
ilene glycol remamed consistent d:lroughour 
me malyses (F'aguns 2 :md 3). 'lbe 
S1abilna.~ column also allows Sl!DSiti.\-e 
decKiim of low ppm !\ of gl)t:ol cam
pounds. Noc:ice tbe ppm detecti.011limit far 
eibylene glycol m water . s easily a chi eo;~ 
and peak shape is mafnuilled when COill* 

pmd ro a 25ppmS1lllldard.(Figm'e 4). 

Conclusion 
You an achie\'e bettEr response BDd repro
cluo'biti.ty fer the GC :~I~Jlysis of ethyleoe 
glycol in \\'ater by using direct injecriOil wilh 
a Ulrilinel- sloo-e, a. po ar capillaty cohmm 
sudl as Srabilw~, and IW11iple 5)~ 
'MISbes bemM~.nms.. Using 1be;e tech· 

mques can. :assist in~ repmdlno"ble 
aii3lyses with detection timiiS ill me lew 
ppm range. 

Figure 2 
The Stabitwax- column shows good peak shape and response 

for ethyfene glycol after 100 injections. 

----l'-L u,, IiI I iI IiI IiI I I I IiI IiI Ii I iI I I I iI l j I I 

ao 100 11 0 

Figure 3 
The Stabilwa~ coJumn combined with a Uniline,. sleeve shows remarkable response consistency. 
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Figure 4 
The Stabtl\1/ax-a column can easily analyze 5ppm and 25ppm standards. 

lll=, O.Umm. ID. 1.011"' n (t:~~.:li 06ll) 
l.O)d. of y aa ~ycol tllll FOP) ~ycol amp!~ 
• U'OIIIf. Opce-tep UC!iaar diroct ~oc:illa. • ..~tiL
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CoJKrmmioe; 'PJ!m llld 2Ja:a: 
r..m.-.r. A!jlalll lS90'11fi'67l.~ 

0\·u w.p,: SO"C (hllld mila.) 1D 20CYC 
S"' 1c:m. (lO IIIilL) 

U.jlu L lmlp.: C/2:.l&"C 
C•Tricr :»: !:»-·= 
Liun 1'CLK:i.l)': lOca*oc:. 
De r: :FID 
Stprs ~ Hlcclm&L 

5ppm standard 

l 
I 

l 
25ppm standard 

l 
' 
i .. 

I I 
__j \. '---

~~I I I IiI 'I '' I I I I i ''I I I I I I'' I 'I ' i I ' I I I I 'I i l 

J.O ?0 100 

Product Listing: 

• Stabilw~ Columns 

31m 
3fin 

• Uniliner" Sl@eves 

l>t5ajltioa 

Ultil_. Sltn't' A..,•r 

Ill) 

0.32mm!D 
0.53mm!D 

~/Jri1rsmllin: lA!iJinr S~E ill " ~dOflpallS} 

to 9.0 10.0 11.0 

l.P OI.!Jl0655 

o..n & o.sJmm m ocly 20308 20309 
0.53mmDI arOC 20301 0305 

032 .t: 0.53mm D ocly 203-19 2mo 
0.32&0.53mmillocly 20315 20016 

in&liltJG a ' • SS JUI11d fl1111hit•.f/ITTI1J.. a.;,. • SS 
~ IRIIia O.&lm!ID~~ 
FN i•}t.&.. ptNU <&... t:tii..N 1aJ10 IQ. 

FN i•}tdj.., ptNU &15rJN C41.4101Jl 112. 

F.,. s-.. ••• r car. tJ 10Jl 111 
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Product Listing, continued: 

Uoili11er- Sleeves 

Dired r.jtdile l..illm far Agilat 
& Fi1!!r,n GCs (f)J 'DJ.Jll'lm IDJ ~ 

4.0 ID, 63 OD X 78.5 
4.0 ID. 6J OD 1t 78.5 20337 
4.0 ID, 63 OD X 78.5 20844 

Dired lljt<liael..illm far !pat ID"'lOD & Leqtk 
61190 00 .:!:!.3 fOJ.Jll'lm IDI lloefiMiftS: (!!!} E.ad' 5iiKk 
Drilt4 Unililttl' .JlDM din!ct iiiieaim wbm ~an~ GC 4.0 m, 6..3 on x 78.5 2054 21055 

Dired r.jtdile l..illm far WiD CCs ID" ~'OD & Leqtk 
~ ... mW;.mniDl Botfits.IUStS: (111111} Ed' 5-Jark 
Unii•tl' ~ active SII!ID&es.. him l'eCIJ\m .t liDe.uiiv 4.0ID16J OD111l 20345 20346 
!:'J,tii-U•ilillt? !!S !!jm', !m MW; aC1ive SIQI)es.liDimi!I 4.0ID16J 0Ds72 20347 lOl4S 
9!"':!! UnilDI.I' """"-r !!!!!.~ aaiw !imJI):O.S hil!rMO\!!I&Iirwrirv 4.0 ID, 63 OD X 72 20845 20846 

Dired I:ajt.diolll..illm far ID"'/OD & Leqtk 
Sbiaalctza CCs ~J.UO.J3M!f lDl Boefitsroses: (DB} Ed' 5-J!!:k 
m-u•li-' 3.0 ID, 5.0 OD xl28 208n 20873 
12'- Cf!. lo.Unilhatl' 3J ID1 5.0 OD x 128 2087-l 20875 
9S.. Uniintl' 3.0ID, 5.00Dx99 20876 JOan 
JS.. £1!.11-U.ilillt? lOID, 5.00Dx99 20893 20~ 
,._ Uniin~I'"~Wtro.r lOID 5.00Dx~ 21711 21119 

Dired r.jtdile l..illm far lD"'lOD & Leqtk 
IUIIiHIIDir CCs ~.3 tl.JJMID~ Boefits.JUSM: (111111} Ed' 5-ilalr.k 
Uniiatl' ~ aaiw sampl.,es_ mm IMO\!!I .t liDMrirv l5ID, 5.0 OD X 100 20855 20856 
9,~11-U•ilillt? s m m-e SMftlle; tir:emirv HID, 5.0 OD x 100 20857 208SS 

trace, dirty, acti\~ ~ 

"'"'' sYS ~·~ uru&.I'...Jtro.r ~ lfCCI\:!:!1' .t liDYritv 4.0 ID1 6.2 OD x 911 20837 2083 
Allfo Sl'S ~11-U.ililli? mce1 !!l!!t, hiE! MW aaM! g~es liDYtity 4.0ID16.20Dx92.1 20&39 20&:10 

Split l.iM!n for 5"400-4000 ID"'IOD & Leqtk 
StritsCCs Botfits.IUStS: (Da} Ed' 5-~ 
~"';;!! Unfitatl' -JW.oi llllc~ !!ia1 active ~ ·m IMO\!I .t lineuifv 4.0 ID, 5.5 OD X 79.5 20841 20&42 

Dired iljtdioa I..iDm ... 8000 ID"'lOD & Leqtk 
& 1ltACE"' Series CCs Baefit!.IUStS: !!!l Ed' 5-Jark 
Uniiati'Mi .,, ~ acriw ~ bir,b l'eCIJ\!fY &.liDMrity 5.0 ID, tO OD x10S 2 005 21006 
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